HPAI H5N1 viruses was not studied in northern China (Smith et al., 2006) , and the origin of the Qinghai stain remains a mystery.
After the 2005 HPAI H5N1 outbreak at Lake Qinghai, one of the authors (T.K.) discovered Chinese-language internet media bulletins that described captive rearing of Bar-headed Geese on China's central high plateau. These reports lack detail but describe practices that promote contact between captive-bred geese and domesticated and wild birds. Our aim here is to summarize the salient information from these reports because they present a possible scenario for emergence of the Qinghai Clade 2.2 viruses and its occurrence in wild birds.
Captive breeding of Bar-headed Geese began in 2003 at Yamzho Yumco Lake, about 100 km south of Lhasa, Tibet, by the ''Lhasa Nida Natural Ecology Development Bar-headed Goose Artificial Breeding Company.'' Several hundred abandoned Bar-headed Goose eggs were collected from a declining colony, claimed to comprise 30,000 birds, at the lake and were artificially incubated, with 99% reared to fledging. The enterprise was extended to Xaina County, Nagqu Prefecture (about 300 km NE of Lhasa), where 500 Bar-headed Geese were successfully raised ''to meet market demand.'' The company also contracted production to a villager in Gonggar (Meldrogonkar) County, south of Lhasa. In 2006 another breeding unit was established in the same town, at a wetland and reservoir suitable for aquaculture, as part of a program to boost animal husbandry in association with the opening of the Qinghai-Tibet railway. Artificial breeding was also established in the Shannan area of Gonggar County by November 2006. By 2007, large-scale artificial breeding of Bar-headed Geese was established in Gonggar, Maizokunggar, and Xaina counties, along with other unnamed counties, in Tibet. An artificial breeding site now established at Lake Qinghai has produced birds with changed migratory behavior (unspecified).
Bar-headed Geese are reared commercially for their meat, regarded as a highvalue high-protein speciality product, and claimed to have cancer prevention properties. Geese reared on the Tibetan plateau are sold in China's major cities. Eggs also are eaten; down is used for clothing and feathers to make shuttlecocks, and the industry provides employment and income to herdsmen. Artificially reared Bar-headed Geese are also released into the wild to supplement declining populations. The first reported release was at Lhalu Wetland Nature Reserve in August 2005, involving 200 18-mo-old birds.
Bar-headed Geese are easy to rear, but, because of their short breeding season, out-of-season maintenance can be expensive. When rendered flightless by pinioning they feed readily in rice stubbles and grass, can use wasteland, orchards, and livestock fields, and will feed in mixed flocks with other species, including wild birds. Captive reared geese need supplementary food, especially when laying.
One report claims the artificially reared birds are disease resistant, whereas another says that they acquire diseases from other poultry and require vaccination outside the laying season; no details of the diseases or vaccines are given. (These reports are nonscientific papers available on request from the author.) Indoor accommodation must be disinfected, as must ponds used in summer. In November 2006, the artificial breeding facility at Shannan, Gonggar County, Tibet, had to be disinfected because of concern over avian influenza, but the report does not say whether there had been an outbreak there or nearby.
Through selective breeding over four to five generations, the age of maturity is claimed to have been reduced to 9 mo (vs. 4 yr in the wild), but it is not clear whether this reduction in age of maturity has been achieved through selective breeding or a combination of selective breeding and the ameliorating environment of domestication. A further recommendation is to bring birds indoors and stimulate them with artificial light in December, which advances the start of breeding to January (vs. April-May in the wild). Attempts also have been made to hybridize them with other poultry.
In conclusion, there is no evidence that the captive rearing of Bar-headed Geese was involved in the 2005, 2006, 2009, or 2010 outbreaks of HPAI H5N1 in Qinghai Province or Tibet. Indeed, the first release of captive-bred birds in 2005 postdated the May-June outbreak at Lake Qinghai. However, contact between wild Bar-headed Geese and outdoor-grazing captive birds could have occurred as early as 2003. Captive breeding, in close contact with poultry, including attempts to interbreed them with domestic geese and sometimes involving presentation of unspecified supplementary foods, represents a plausible route for the evolution of Clade 2.2 viruses. An important characteristic of most isolates from Bar-headed Geese in the 2005 Lake Qinghai outbreak (Chen et al., 2006) and of subsequent viruses from southern Russia, Europe, and Africa is a lysine substitution at position 627 of the PB2 gene. This mutation is most likely to have been acquired by passage of the HPAI H5N1 virus through a mammalian host and is most easily explained by the gene coming from domestically raised hosts.
Allowing captive-bred Bar-headed Geese to feed in association with wild birds and the subsequent release into the wild of artificially reared birds risks introducing infections acquired in captivity to wild birds. Flocks of geese on the ground are highly attractive to over-flying conspecifics (Inglis and Isaacson, 1978) , and flocks of feeding, captive-reared Barheaded Geese could thus attract wild migrating birds on their northward journey from wintering areas in India and southern Tibet. Although some outbreak sites in 2006 and 2010 are less than 300 km from known release sites, the distribution of outbreaks suggests that they have occurred in two clusters, both of which were in the general areas of the captive breeding and release sites near Lhasa and at Lake Qinghai. This raises the possibility that some of the dead Bar-headed Geese recorded in the outbreaks might have been captive-bred birds, which could explain the apparent persistence of this virus strain in Qinghai Province (Li et al., 2010) .
The potential risks of expanding production and increasing mixing of captivereared Bar-headed Geese with wild conspecifics and other wild waterfowl could have implications for HPAI H5N1 epidemiology and clearly warrants scientific study. This should include regular monitoring of the health status of the artificially reared birds and other poultry at these farms. These studies would identify measures to prevent AI virus transmission from captive to wild birds and vice versa, and provide early warning of outbreaks in wild birds and poultry. Additionally, detailed investigation of artificial rearing practices and AI viruses circulating in captive breeding centers might help define the emergence of Clade 2.2 viruses.
